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demonstration project was initiated to examine the

tility of biological assessment in general and RBPs
specifically for evaluating impairment due to C50s. The
study objectives were to:

. Evnlnmdreimpﬂufﬂ‘iﬂunnﬂ::m
macroinvertebrate assemblage at test sites by
identifying changes in taxonomic structure,
cofmposition, and wophic fonction;

= Determine the usefulness of RBPs in detecting
those effects; and

#  Evaluate the apreement of RBPs with historical
assessments prodoced by Ohio EPA.

3.4 Site Selection and Location
Description

Thrusimmuh:vsahmmufc.iﬂmdywmselm
for this investigation: the Scioto River at Columbus, the
Sandusky River at Bucyrus, and the Little Cuyahoga River
at Akron (Figure 3=-1). These gites were selected becaunse
they represent different regions of the state and are there-
fore likely to exhibit different biological expectations, and
becanse historical biological data are available. The sites
_were located with the intention of having one-station .
upstream of any CSO effects, one downstream of all CS0
inputs, another far enongh downstream to perhaps be in a
regovery zong, and a fourth to represent regional reference
conditions for each stream (Table 3-1). However, the
regional reference site for the Litle Coyahoga River could
not be sampled due to flooding; that assessment was based
on an upstream condition. '

3.2 Results B}

3.2.1 Taxonomy and Metrics

Taxonomic resalts and counting exceptions ars presented in
Appendix A; the results of the metric calculations are
shown within the section for each CS0 site. ’

Separate bioassessment scoring criteria were developed for
each river under study based on metric values acquired.
The scoring criteria are based on equal quadrisections of
the valoe range from the lowest possible value for a metric
(usnally zero) to the maximum observed, usually observed
at the regional reference. The scoring criteria used for each
of the three sites are summarized by metric in Table 3-2.

3.2.2 The Scioto River at Columbus, Ohlo
The Scioto River is a major tributary of the southern Ohio
River (Figure 3-1). Tt originates in northwestern Ohio in
Hardin County in what is known as Scioto Marsh (Ohio EPA
1979). It flows east 60 miles and then south 175 miles to its
confluence with the Ohio River at Portsmouth. The Sciowo
River drainage area, approximately 6,300 square miles, dis-
plays a branching stream pattern with tributaries flowing
through gorges norih of Columbus (Obio EPA 1986). Flows
in the river channel are regulated by raro major ipodnd-
meents and three low-head dams in the central Ohio stretch of
the river. Channelization with concrete reinforcement and
levees occurs in some of the municipal areas; these channel
modifications continue to just upstream of the Jackson Pike
Waste Water Treatment Plant (WWTF) (River Mile [RM]
127.1). TS0 outfalls arc concentrated between RM 132.3
and 129.8 upstream of Jackson Pike, South of Jackson Pike,
evidence of impoundment and other channe] modifications
disappears. The channel is typical of a lotic environment
with good sinnosity and riffle-pool sequences. The river is
siated over a buried valley filled with glacial outwash ma-
terial (sand and coarse gravel). Therefore, the substrate
ranges from limestone bedrock and siltimuck north of Co-

. lnmbus to coarse sand and gravel/cobble south of Columbus.

Flooding in this area has been known Lo cover exiensive ar-
mnfﬁeﬂmdplamﬁumﬂymmthamafm&:m
from 5 miles upstream of the confloence with the Olentangy
River (RM 132.3) to approximately 20 miles south of Colum-

- bus m Circleville (RM 100.0) (Figure 3-2), At the northem-

most sampling station the drainage area of the Scioto River is
approximately 980 square miles; atﬂ::aunﬂr:mnmﬂsiu itis
3,849 square miles. ,

Combined Sewer Overllows and the Multimstric Evalustion of Their Blological Bffects: Case Studies in Ohio and New York : i1
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Figure 3-1. State of Ohio; three river systems within which the CS0 study occurred: the Scioto River at Columbus, the
Sandusky River at Bucyrus, and the Little Cuyahoga River at Akron. Homey Creek serves as a regioral reference siream
for the Sandusky River. i
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3221 Historical Information

The Scioio River mainstem downstream from Columbus
has been monitored frequently over a distance of approxi-
mately 40 miles (Ohio EPA 1992) from 1974 to the present.
The most current biological data from Ohio EPA are from
macroinvericbrate surveys conducted in 1988 and 1991 and
. fish surveyvs conducted from 1985 o 1991, The 1988
macroinveriebrate results showed the most severs impacts
in the CSO-impacted area (RM 132.3 to 129.8) of the
Scioto River study area (Ohio EPA 1992) (Figure 3-3).
Inveriebrate community index (ICI) values were in the
“poor” range and reflected the impact of C50 inputs
combined with extremely low river flows due to withdraer-
als for donking water and drought. The ICI is Ohio EPA’s
multiple metric approach for assessing the biological
‘integrity of streams and rivers, and is based on benthic -
macroinvertebrate samples taken from artificial substrates
(Ohio EPA 1987h). Ohio EPA believes that the C30
impacts, at least in part, extended downstream for a
distance of 15 to 20 miles. In 1991, another low flow year,
the TCT improved somewhat but remained in the lower
“fair” range. The combined effects of upstream water

_ withdrawals and drought, old channel modifications, urban
runoff, and the input of onganic matter and outrients from
C50s account for the depradation.

The three most upstreamn sampling sites surveyed in the
present study (1992) were also sampled in 1991, These
stations were RM 136.3 (136.4 in the present smdy), RM
129.0 (129.5 in the present study), and RM 127.8 (127.7 in
 the present study). The farthest downstream station at RM
100 (99.9 in the present stady) was sampled in 1989 and
1992, The ICI rated the upstream station (RM 136.3) and
farthest downstream station (RM 100) as very good and
exceptional, respectively, for macroinvenebrite assemblage
condition. EM 129.0 was considered fair in 1991, and RM
lﬂﬁwmuﬁﬂmm“mﬁ:mm
ufﬂ::lmu-fﬂﬂﬂmptm

;222 mmgwmmmmmmma:
© Quality Assessments

The four sampling stations on the Scioto selected for this
 stucly are described in Figure 3-2 and Table 3-1; habitat
assessment rating scores, along with measorements of
dissolved oxygen. temperature, and conductivity, are
presemted in Table 323,

Scioto River below the Fifth Avenue bridge - Station 51
{upstream reference). Station 51 is a site-specific reference
uzed by Ohio EPA for the Scioto, The river receives no
CS0 mput at or above this location, This station has a
large riffle area stretching across the channel; the substrate
is composed primarily of gravel and cobble along with
gorme small boalders. Channel stability here appears 1o be

good from observations of bank form and the nparian
vegetation. There was an abundance of leaf litter along
with some green algae in the kick net samples, The habitat
assessment rating score was 145 (Table 3-3).

Scioto River at Greenlawn Avenue - Station 52 (CSO
impact). The gravel bars at this station did not support the
colonization by grasses, and there was also a broader
floodplain that lacked any undergrowth. - “The habitat score
mm:mumwas 131.

Scioto River af Frank Road (Hvwy. 104) - Station 53 {C50
impact). This station seemed 1o have considerable stability
mﬁmﬂd:mmlmnrphulnmrmhmbuhw
riparian vegetation. There were also relatively low levels
of siltation and embeddedness and abundant growths of
filamentous green algae growing on rocks. Several gravel
bars had developed here in mid- and off-center sections of
the channel and had become vegetated by grasses. At this
station there was a strong sewage odor during sampling.
All CS0 input from the city of Columbus is present in the.
flow by this level (RM 127.7) in the river. This station
received a habitat assessment score of 136,

Scioto River at Circleville - Station 54 (regional reference).
This sampling station serves as the regional reference site
for Ohio EPA. The river here exhibits active bank erosion,.
formation of large gravel bars, parhaps reflecting increased
bedioad, and relatively heavy sedimentation. There was
also indication of recent out-of-bank flows on one side of
thes chanmel floodplain. Habitat rated 117 points at this
station, Although the habitat score at station 54 might -
appear low, it is likely a “natural” artifact of the larpe river;
i, the drainage area at this site is 3,200 square miles :
compared to 1,600 at station 52 and ~1,000 sguare miles at
51. This river size exceeds the usual applications of the
habitat assessment approach used in this study; therefore
some of the physical atiributes of S4 might be onfairly

_ penalized. Ohio EPA found that ICT medric scores ane

“lower™ at higher drainage areas, Therefore, the habitat
quality might be “patural” and comparisons between 51
habitat structure was best at Station S1 (the upstream site-
specific mfmm}mdr:huvclrahmhtumﬂw
53 (the middle stations). The worst rated condition was
observed at Station 54 (Table 3-2), which is considered to -
the relative magnimode of similarity (il.e., percent compara-

Jbility) in habitat quality was B0 percent betwesn 51 and

54,which is not a significant difference. Individual
componenis of the physical habitat stocture at Station 54
that were rated as suboptimal or marginal were relatéd o
siltation of the substrate) and to alteration in chanmel
morphology and bank structure. These problems in habitst
strucure are most likely a result of the agricultural land use

Combined Sewer Overflows and the Multmetric Evaluation of Their Biological Effects: Case Stwdies in Ohio and New York . 15
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Figure 3-2, Cities of Columbus and Circleville, Ohio; Seioto River sampling stations, locations of historical data
collection, CS0 outfalls, WWTE, and river mile designations {approximate scale 1 inch = 8.2 miles).

' patterns in this area of the Seioto River, located south of
Circleville, Itis also an area characterized by glacial

outwash (C. Yoder, Ohio EPA, Jamuary 1993, pers. comm.),

& geclogical condition that contributes to the “degraded™
of many large river channels. Stations 52 and
53 are npparently subjected to substantial bedload move-
ment elong with dense growths of filamentous algae.
Gravel bars were present at Station 53, but were vegetated
with grasses, indicating that increases in flow were not

ﬁtqutnt:mughmﬂmdurdﬁhhiliuﬂmbus, However,

the broader floodplain at Station S2 was not vegetated,
which indicated frequent flooding.:

In spite of the sedimentation and bedload at the middle
stations, habitat should not be limiting to development of
the biological community. Differences in biclogical
condition among Stations 51, 52, and 53 may, therefore, be
assessed in the context of differences in water quality.
Habitat quality might be limiting at Station 54 compared to
the site-specific reference. However, Station 34 is consid-
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Table 3-3 Habitat m-m- and phvlhnﬂmﬂc_l.l measurements of the Scioto River taken on 8

September 1992. For a description of the stations, see Table 3-2 and Section 3.2.2.2.

SCORES
HABITAT PARAMETERS mn?&&?u?sﬁﬁ:m
51 52 53 54
Primary
Subsstrate Instraam Cover Bottom Substrate/instream Cover 18 16 16 17
Flaw Canapy 0290, Embeddedness 18 1wl .\l n
Flaw or Valocity/Dapth 18 18 18 18
_ Canapy Covet [Shading) 10 10 14 8
Sacondary : )
Channal-Morphalogy (0-1E8) Channel Aleration 13 11 13 L: ]
. Bottorm Scouring and Deposition 13 12 11 -1
‘PotliAiftle, Run/Band Ratio 14 11 8 B
Loweer Bank Channel Capacity mn| 8| w0 8
Tertinry
Rigarian and Bank Structure Bank Stability 8 8 8 6
@19 ) Bank Vegatative Stability (Grazing) -] g 8
. Sroamside Cover 8 B 8. 8
Riparian Vagatative Zone Width g -] 8 10
TOTAL SCORE 145 131 138 117
Physicochamical Dissolved Dxygen (mgiL) 67| 88 8.9 8.4
Parameters Temperature [C) 23.5 24.9 | 24.8 23
- Conductiv his] 600 590 | 800 750

ered to be an appropriate ecoregional reference by Ohio
EPA,; therefore, the biological condition is expected to be
of a reasonably high quality.

3.2.2.3 Biological Assessments _
Even though habitat quality was rated lower at lbu:uegmu

reference station at Cirdleville (S4) due to the river size and the

habitat parameters wsed (Figure 3-4), biological metrics

(51) scored enly 79 percent of the ecorsgional reference,
which indicated that the beathic assemblage was slightly
impaired before exposure to the C50 discharge. There is an
increased abundance of midges at the two middle stations (52
and 53), resulting in low values of the EFT/Chironomidae
ratio (metric 4), a result often seen in stressed sitations. Also,
lower calculated valines of the scraper/Tilterer collactor ratio

(metric 3), seen in these same two stations, indicae increased

suspended organic particolates in the flow, pnhq}smalung
fmmmeun:hmt
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Scioto River
(136.3) (129.0) (127.8) * qgm
Ohio EPA 1891 1991 1991 Exceptional '
(Historical) Very Fair  Poor
Good .
L ¢ (100.0)
. : © 1989
, . . Exceptional
' 127.1) Jackson Pike '
f WWTP ;
River 125 120 115 110 105 J0O0 95 80
Mile ' ' | | L || gov
U.S. EPA s1f Asz2 A s3 ~ hs4
(this study) (136.4) (129.5) (127.7) (99.9)
Slightly Moderately - Slightly ~ Non-
Impaired Impaired  Impaired Impaired

Figure 3-3. Linear comparison with Ohio EPA assessments on the Scioto River.

Sution 52, located approximately 4.5 miles downstream of
initial S0 outfalls and exacily at the location of the Whittier
Streat OS50 outfall (RM 129.5), received a bioassessment score
50 percent of the reference, indicating moderate impairment.
Downstream 2 miles, Station 53 had a bioassess-ment rating
that indicated slight impairment (69 percent of reference) and
some recovery from the conditions at 52

3.2.2.4 Comparison to Historical Assessments

Thé Scioto River has the most extensive history of biologi-
eal monitoring and assessment of the three CS0 sites under
investigation in this project (Ohio EPA 1986). The resolts
from Ohio EPA seem to be comparable to those of the
present study in which Stations $1 (RM 136.4) and 54 (RM
99.9) were found to be of the best biological quality (Figure

3-3). Stations 52 (RM 129.5) and 53 (RM 127.7) were
found to be moderately and slightly impaired. Ohio EPA
found it two nearest stations, RM 129.0 and 127.8, w be
Fair and poor, respectively. The largest discrepancy in the
resiliz between the present study and the 1991 Ohic EPA
mﬂywuh:mnm&efaﬂhmtduwmmsuﬂunwﬂhi
the zone of CSO outfalls, RMs 127.8 (Ohio EPA) and 127.7
{present). The former was found in 1991 to be in “poor”
condition by the ICI and in “slightly impaired” conditicn
by the RBEPs. This differance may be a sign of improve-
ment in water quality doring the time berween the two
sampling events. However, an alternitive explanation is
that the differences in the macroinverisbrate communities
were due to the differences in flow between 1991 (a very
dry year) and 1992 (a very wet year), Ohio EPA data (Dhio
EPA 1902) suggest thal mone severe degradaiion in aneas of

18
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CSDrﬂnmﬁmlupmmmdmdndI]r]ﬂn Thlsnnrhu
due to the material deposited by C30s in previous years
which may exert strong effects on biologoical factors such
as 0, demand. If a community is already stressed from low
ﬂnmuhmgﬁlnﬂidamanﬂwmldmmqﬂ:ligmm
impact on it. .

-I.I.a ﬁmmmummh

mmmmm:mwmmmmme its
- drainage area occupying 1,420 square miles of predomi-
nantly agricultural land in north-central Ohio (Figure 3-1).
It flows east to west from its headwaters to Upper '
Sandusky, where it turns north and discharges into
Sandusky Bay, the largest embayment on the southern
shore of Lake Erie. The major urban areas in the basin
include Fremont, Tiffin, Upper Sanduosky, and Bucyrus.

Within the study area, the Sandusky River is predominantly
unmodified and free-flowing. Minor channel modifications
have occurred at RM 110.8 downstream from the Bocyrus
_ WWTP. The majority of the Sandusky River is predomi-
nated by bottom substrates of cobble, gravel, and boulders.

E -

. 3.2.3.1 Historical Information

A survey*of the Sandusky in 1980 revealed significant
impacts by C50s, particularly downstream of Bucyms. A
smdy done in 1990 compared assessments after modifica-
tions were made to the Bucyrus WWTP (Ohio EPA 1991)
with resulis from 1980, Trend assessment data showed that
thers was a general improvement in fecal coliform bacteria
gince 1979, though high counts still oocomed downstream
of CSO outfalls (Ohio EPA 1991). The WWTP was
upgraded in 1988 and was successful in reducing, but not
eliminating, CS0 loadings. An improvement in the
condition of the benthic macroinvertcbrate assemblage
downstream of the WWTP outfall (comparing 1990
samples to 1979 samples) reflects this plant upgrade.
C50s within Bocyrus were identified in 1979 a5 a
significant source of organic degradation; moderats
impacts to the invertebrate assemblage continued as
recently as 1990,

Upstream of Bucyrus, 8 marginal decline in the condition
of the fish assemblage was detectéd in 1990 as compared
to that of 1979. As of 1990, the fish assemblage had
shifted 10 more tolerant species, resulting in nonattainment
of the state biocriteria for this river. Downstream of the
WWTP, slight improvement in the fish assemblage was
detected between 1979 and 1990, As with the macro-
invertebrates, this increase in biological condition can -
be partially atiributed to the WWTP upgrade in 1988, -
Additional improvement in the fish assemblage 15 ex-

. p:cl:dsmcehtsmtmnmu]fnrmmwmﬁshpupda-
tions to lag behind improvements in water chemistry and

. macroinvertebrate community structure (C.0. Yoder,

personal communication).

3.2.3.2 Sampling Station Descriptions and Habitat
. Cuality Assessments

Four sampling stations on the Sandusky River were

‘selected for this study of Bucyrus CSOs (Table 3-1); habitat

assessment raling scores, along with measurements of
dissolved oxygen, temperature, and conductivity, are
prﬁmmiiu'thblaﬂ—j .

_Eum:t}'REmmcﬂ*Hw;.?ﬂbmiﬂ = Station SAJ

{upstream reference). Hﬂ-hlhtltpmﬂmm:\rﬂmm
this station. The nparnan zone s in an undisturbed condi-
tion, and there was little obvious sedimentation occurring.
appeared as if it had been constructed, perhaps in an effon
to enhance fish habitat with larger and deeper pools
opstream and downstream. The riffle was composed of
varous-sized boulders, some very large. The upstream and
downstream pools were too deep to wade in, and it ap-
peared that the rocks had been removed from them for
placement in the riffle. There was no indication of how
long the riffle had been in place to allow for colonization.
Nonetheless, habitat quality was unguestionably in the best
condition of the Sandusky sampling stations, as it received
an RBP habitat score of 153 (Table 3-5, Figure 3-4),

Sandusky River at Aumiller Park - 842 (CSO impact). This
station is located approximately 700 meters upstream of the
Bucyrus WWTP at the downstream edge of Aumiller Park.
Ohio EPA has indicated that the majority of C50 input is at
this park. Here the river is experiencing severe physical
disruptions apparenty unrelated 1o C50s. Heavy sedimenta-
ﬁmunmgdn:ndi:udwrynfhnwmm
approximately 150 meters upstream and bank faflure at the
station. Habitat quality mtings were in the marginal or poor
calegory for embeddedness, all of the channel morphology
parameters, and riparian vegetative buffer zone width, This
nﬁmmaimnhhm:pﬂnjma soore of 81.

Sandusky River downstream of Bucyrus, upstrearn of
WWTP - 543 (CS0 impact). Station SA3 is located
approximately 50 meters upstream of the Bucyras WWTP
and is downstream of most C30 outfalls. The station could
not be located farther downstream of the C50s due to the
WWTP. According to Ohio EPA, there are numerous
outfalls along the 700- to 750-meter stretch of the river
between Aumiller Park and the WWTPE. The river here

- rated suboptimal and marginal for embeddedness, width of

riparian zong, bottom scouring, and deposition, and ithad a -
low pool/riffle, ron/bend ratio. (Throughout the entire
reach of the river walked, approximately 750 meters, only
three riffle areas were found.) One bank is part of an old
landfill and is composed of soil completely interspersed

Combined Sewer Overflows and the Multimetric Evaluation of Their Biobogheal Effects: Case Srudies in Obio and New York
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Tabls 3-5 Habitat assessments and physicochemical measurements of the Sendusky River taken
on 9 Ssptember 1992. For a description of the stations, sea Table 3-2 and Section 3.2.3.2.

SCORES-
SANDUSEY RIVER
HABITAT PARAMETERS . SAMPLING STATIONS
'sa1 | saz | saa | sas
Frimary
Substrate Instream Cover | Bottom Substratefinstream Cover 17 10 10 18
Flow Cenopy (0-20}
Embeaddedness 18 8 B 17
Flow ar Velocity/Depth 18 168 16 18
Canopy Cover (Shading) 18 18 18 10
_ B
Channel-Momphology (0- Channal Altaration 12 | 3 13 13
15} :
Bottarn Scouring and Deposition 11 2 7 12
PoolMRiffle, Run/Bend Ratio 14 4 - 7 13
Lower Bank Channel Capacity i2 B8 11 11
Tertisry
Riparian and Bank Bank Stabdlity 8 5 B B
Struatura (0-10) : -
Bank YVegetative Stabiliy a8 L= B a
{Grazing)
Swreamside Cowver a8 B -] 8
Riparian Vegetative Zone Width ] 1 2 B
TOTAL SCORE 153 81| 118 143
Fhysicochemioal Dissolved Dxygen (ma/L) 8.5 7.7 5.3 8.5
Parameatars Tempaeratura () 18 20 16 21
Conduativity (hihs) Tl TO0 650 480

with broken glass and rasted pieces of metal. However, .
enough soil is present to have been colonized by some
woody and herbaceous vegetation. This station rated 116.

Honey Creek at Melmore (Hwy. 100) - 8A4 (regional
reference). This station is an Ohio EPA regional reference
site. Even though the weather conditions were sunny and
warm, the water level seemed to be up and, in fact, slightly
rising while on-site. The water also appearcd somewhat
turbid. There might have been some rainfall upstream in
the watershed causing these conditions. Aspects of the
kabitat that rated in the suboptimal or marginal ranges wers

related 1o channel capacity and the vegetated buffer zone.
Walnqwmdmhw:immittmﬂymmuhmnﬂ
on the side with a low bank. Also, the width of the riparian
vegetative zone iz reduced on one side by agricultaral fields
and on the other by mowing. In particular, the zone on the
mowed side had a buffer zone of woody vegesation only

i 3 o 6 meters wide, The habitat assessment
rating score was 143.

The condition of the instream habitat and channel morphol-
ogy at the Aumiller Park station (SAZ) is indicative of
considerable physical degradation. It might prove to b
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limiting to the development of the benthic macroinverns-
brate assemblage. Station SA3, just upstream of the
WWTP and the downstream-most station on this river, has
substantial riparian degradation and embeddedness with
some evidence of scour, but it should provide habitat that
will allow development of the benthic assemblage to a level
comparable to that of the reference conditions. The best
habitat encountered on the Sandusky was at the Fish
Hatchery station (SA1), the Ohio EPA upstream reference
station; the regional reference station habitat scored slighdy
less than SA] but was comparable. .

3.2.3.3 Biological Assessments

In the Sandusky River system, the regional reference
(Figure 3-5; Honey Creek at Melmore, SA4) produced a
total bioassessment score of 60. Station SAZ, the upsream
CS0-impact station at Aumiller Park, was most comparsble
to the regional reference at 83 percent comparability for
biology (Figure 3-4), indicating nonimpairment; the slight
reduction in biological condition was likely due w0 prob-.
lems in habitat quality at this station. The downstream
impact station, SA3, was slightly impaired, producing a
habitat assessment score 73 percent comparable to the
regional reference (Table 3-4);, The bioassessment score
least comparable to the regional reference was 67 percent at
Station 5A1, the upstream reference; this could be due to
the habitat at SA ] being somewhat different with an
apparently human-constructed riffle. Though this station
was rated higher in habitat quality, the substrate compasi=-
tion might have had an effect on comparisons with the

" downstream stations, the substrate of which was primarily
embedded cobble and gravel. Owerall, the slight decrease
in biological condition from SAZ 1o SA3 is anributed o
additional C$0s and urban ranoff, which further impaired
the biological community in an area of increased habitat
quality. These findings concur with the 1990 Ohio EPA
survey of the Sandusky River (Ohio EPA 1991).

3234 Comparison to Historical Assessments

The most recent Dhio EPA macroinvertebrate sampling on
the Sandusky River, in 1990, the macroinverte-
brate assemblages at RMs 115.0 and 111.4 as “exceptional™
and RM 111.1 as “margmally good” (Ohio EPA 1991)
(Figure 3-6), The current study shows station SA1 (BEM

" 115.0), the farthest upstream station, to be glightly impaired
at §7 percent comparability to the regional reference station
at Honey Creek (SA4) due to an apparent habitat alteration.
Differences between the current study and that of Ohio EPA
({Figure 3-6) might be attributed to gear differences (anifi-

cial substrate samplers by Ohio EPA and instream substrate -

in the current stady). It 15 likely that sampling the bottom
gubstrate directly with the kick net is demonstrating the
difference in the habitat quality (substrate) at the two
different stations, whereas use of antificial substrate

suitable “habitat” for colonization. Therefore, effects on
the biclogical commumity observed when using artificial -

substrate might better reflect pure water quality differences.

Another factor could be the use of Honey Creek as a site-
specific reference in the current susdy; Ohio EPA wses Honey
Creek 2= one of the 133 reference streams that make op its
reference condition for this class of stream. As stated eardier,
the use of multiple reference sites (or reference conditions) are
preferable to single refierence sites. It should also be notad that
the habitai disturbance at station SA1 noted in 1992 might
have occurred afier the 1990 sampling was conducted, but it
wias not possible 1o be certain, REP samples were taken at
RMs 111.5 and 1111 (SA2 and SA3, respectively), bracketing
the station found o be “exceptional™ by Ohio EPA (1991},

" Comparability to the regional reference at SAZ was at 83

percent or “ponimpaired”; A3 was T3 percent or “slightly
mpaired.” Even with habitat problems at SA2 (RM 111.5),
there wuhulnmﬁhulugmul impairment compared
to the regional reference.

At the downstream station (SA3, RM 111.1), there was
slightly less habitat degradation in the form of scour and
embeddedness but a further decrease in biological condition.
Habitat problems at SA3 compared o SAZ were not as severe
as those seen at A2, Therefore, the slight biological impair-
ment noted at A3 can be artriboted to influence from addi-
tional CSOs and urban runoff rather than habitat. '

This assessment of slighty impaired hiulngi:lln:ﬂ:diﬁunl.t
SA3 (RM 111.1) is similar to the Ohio EPA 1990 assessment

" (marginally good), which was also attributed to C50 inputs.

These results seem to be compatible with those incladed in the
miost recent historical assessment. reponts (Ohio EPA 1991)
(Figare 3-6). Additionally, SA2 might have experienced
organic or fertilizer loading that caused a positive response of -
the benthic community (nonimpadred assessment). The indtial
phase of nutnent loading (orpanic entichment) can mask the
effects of habitat degradation by elevating the biological
community {plants and animals). As organic enrichment
increages, however, the bloom in the biological commuonity -
begins 1o have adverss effects on the waterbody, For instance,
algal blooms canss reduced light penetration below the water's
surface and the bottom-dwelling plants die. As the abundant
plant material decays, oxygen is used up rapidly, which canses
further stress, and eventual more severs impairment of the
biological commumity. Thes, while organic enrichment in the
mitial phase has a positive effect on the biology, it canmot be
sustained over a longer periods of time,

3.2.4 mm-mm-ﬂm
Ohlo

The Litthe Cayahoga River flows through Akron in northeast-

em Ohio, The study area begins just downstream of Mogadore

wﬂMWNMMEMHMHEHMMmCﬂtshﬂ-ﬁlﬁlﬂhiﬂmdlhw\h:h - 3
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A Sampling Station
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Treatment Plant
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£

Fipure 3-5. Cities of Bucyrus and Melmore, Ohie; Sandusky River and Honey Creek sampling stations, locations of
Eistorical data collections, €S0 outfalls, WWTF, and river mile designations {approximate scale I inch = 6.0 miles).

Reservolr, OF the thres stafions sampled, the two dowmstneam
stations (CR2 and CR3) were expected to be receiving C50

input. It was later discovered that the outfalls upstream of the
middle station had been eliminated in the past 5 years, leaving

ohly the lower siation 10 provide biclogical data expected to

reflect response to pollutant input. This simation might allow
the middle station to yield information on biological recovery
following removal of CSO outfalls. .

3.24.1 Historieal Information

A benthic survey was conducted in 1986 on the Little
Cuyahopa River. The ICT results indicated a combination
of urban runoff and enrichment problems from lake and
wetland drainage. These impacts resalted in 2 fair to poor
1C1 rating for most of the river between EMs 9.6 and 1.5

The three sampling stations in the present smdy were also
sampled in 1986: RMs 11.2 (RM 11.3 in'present study), 7.1,
and 0.3. However, of these three stations, only BM 0.3 was
sampled in 1991 by Ohio EPA. In 1991, at M 0.3 (upstream
of the confluence with the Cuyahoga), the ICI reached the
“fair” range and was essentially unchanged from 1986 (Chio
EPA 1994). In 1985, however, the condition of macroinverte-
brate assemblage at RM 0.3 was lower than sites well
reductions in taxa richness, mayfly and caddisfly richness and
ahundance, and sharp increases in the percentage of tolerant
invensbrate populations. These results were atiributed to
805, urban runoff, and industrial point sources in Akron.
Only a sHght improvement (from poor to fair) was poted m,
1986 at RM 0.3 when compared 1o the next upstream site at
RM 38

Evalusting the Biological Effects of Combined Sewer Overflows in Ohio
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{Upatraam o 115.0)
-

Ohio EPA
(Historical)

1075-1800 Marginal Decline in Fish 18I
1980 Non-Attainmant in Fish Community

115.0) 1990
ICI Exceptional

River. 1221120 I113 116 114

Sandusky River

[Within 10 milas downeiream ot 111.0)
*

1678 Sevars Impaiment
1620 Moderaie impairnent

(111.4) 1980
IEJ Exceptional

.+ (111.1) 1890 ICI Marginally Good

' {111.0) Bucyrus WWTP
Eé 110 108 106 104 102 100

Sandusky River 5. |

|2

U.S. EPA SA1

(this study) (115.0)
Slightly
Impaired |

ﬂ ! ]
cso'! u
I
SAZ ~SA3
11, 111.1
. un‘s:l ghyrtgf :

Impaired . Impaired

-

3.2.4.2 Sampling Station Description and Habitar Quality
. Assessments

The three sampling stations on the Little Coyahoga River
zelected for this sindy are presented in Table 3-1 and '
- Figure 3-7. On visiting the regional reference stream used
by Ohio EPA for the Little Cuyahoga (Breakneck Creek at
Kent), it was found to be flooded out of il banks. Sam-
pling could not be completed; therefore, the upstream
reference station was used for comparison. Habitat -
assessment rating scores are provided in Table 3-6.

. Little Cuyahoga River at Mogadore, Ohio - Station CR1
{upsiream reference). This station is located approximately
2 miles downstream of releases from the dam of Mogadore
Reservoir, well within the range within which physical

Figure 3-6. Linear comparison with Ohio EPA assessments on the Sandusky River.

channel alierations have been observed as a result of dam
operations (Gordon et al. 1992; Rochester et al. 1984).
However, this location was about 0.3 mile upstream from
the station recommended by Ohio EPA as the reference
starion, which was inaccessible due to high flows. The
station samphed contained no riffles; therefore, the samples
were taken from mns. There was minimal variability of -
depths in the channel, a very strong flow, and substrate
particles of mostly large cobble and small boulders with
considerable embeddedness due to sand deposition. The
sand was apparently coming from a sand and gravel pit -
upstream several hundred meters on one side of the stream
channel, Station CE1 received marginal or poor scores on
scouring/depaosition; poolfriffle, run/bend ratio; and those
parameters related to the riparian zone, This degradation is
congistent with that expectsd downstream of dams

Combined Sewer Overflows and the Multimetric Evaluation of Their Biological Effecss: Case Studies in Ohio and New York
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< Waste Water
Treatment Plant
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|

Figure 3-7. City of Akron, Ohio; Little Cuyahoga River sampling stations, locations of historical data collections, C50

outfalls, WﬂﬂﬁmmﬁWthk!hn&:t!ﬂnL

{Rochester et al. 1984). The overall habitat assessment
score for CR1 was 107 (Table 3-6).

Lintle Cuyahoga River at Massillon Road bridge (State Rie.
241) - Station CR2 {upstream). Stetion CR2 15 located in &
heavily urbanized area of Akron {(commercial/industrial/

. Components of babitat structure that wene
rated ag suboptimal to poor included parameters related to a
mduﬂiminﬁpﬂrianmgﬂﬂimmdlﬁkufvmﬁhﬂiﬁrin
boltem contours, though some deep pools were present and
there was diversity of substrate particle size. Riffles were
at & minimum and samples were taken from runs. There
was a stability of bank structure normally pnexpected in
such heavily urbanized areas. Habitat received an

assessment score of 116, comparable to that of the
reference. station.

Little Cuyahoga River at the Police Firing Range off
Cuyakoga Street - Station CR3 (C30 impact), The Little
Cuyahoga River at Station CR3 experienced some sedimen-
tation refiecied in the rating scores for embeddedness, and
geour and deposition. Al this level the river is a straight
channel without much variability in bottom contours, and
substrate particle sizes were limited mostly to sand with
some cobble and gravel, As at CR2, there were no true
riffles; samples were taken from run sreas. The station
scored 115 on the assessment of habital quality and was
considered comparable to the reference station.
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Table 3-6 Habitat assessments and phfﬂﬁnﬂimﬂﬂl meaasurements of the Little Cuyshoga River
taken on 24 September 1992, qudumhﬁmufﬂm:nﬁmu, see Table 3-2 and Section

3.24.2.
. SCORE
HABITAT PARAMETERS s A
- CR CR2 CR3
Prirmary -
Substrate Instream Battom Substrate/instream Cover 14 17 14
E’" Flow Canopy 10 I e mbeddedness 11 15 15
ﬂ 1 Flow or Velocity/Depth 1 18 10
Canopy Cover (Shading) B 1 10
3 Secondary
Channel-Morphaolagy Chanrnel Alteration 'I_dr 14 14
(018} Bottom Scouring and Daposition 7 11
Poal/Riffle, Run/Band Ratio 8 10
Lower Bank Channel Capacity 11 r 13
Tertiary
Riparian and Bank Bank Stability a8 ] B
Struchive-10-100 Bank Vegstative Stability (Grazing) 5 2 B
Streamside Cowver & 4 8
- Riparian Vegetative Zone Width 2 1 5
TOTAL SCORE ' 107 116 115
Physicochamical Dizsalved Owoygen (mgil) B 7.8 4
Parameters Temparature (C) 17 15 2
Conductivity (uhhs] 320 320 400

" Overall, the Little Coyahoga River, in the reaches of this
study, has had considerable habitat degradation mostly from
sedimentation and alteration of the riparian zone. However,
the components of habitat quality that exhibited degrada-
tion were relatively congistent throughout the study area,
and the resulting habitat scores were comparable at all three
stations (Table 3-6). Thus, direct comparisons of the
biological data among these stations should be possible and
anynbmrndd:fﬁ::mmhammpmdm be the result

of water quality problems.

3.2.4.3 Biolagical Ammm.: .

Examination of metric values for the upstréam reference
station CR1 revealed a degraded biclogical condition. An

increase in filterer collectors resulted in a low scraper to

scraper + filterer ratio indicating potential organic pollution
problems. The percent contribution of dominant taxon (78
percent Hydrosphychids), indicate poor community balance
and account for the increase in filkerers. Therefore, with no
regional reference for comparison, this site (CR1) was not
given a rating. The percent comparisons (o reference
(CR1) for stations CR2 and CR3 were made using metric
totals without paired metrics; each assessment category was
interpreted as one category less than those listed in Plafkin
{1989) since the comparison was made using an impaired

Thé condition of the benthic community &t station CR2 was
considerably better than either the upstream or downstream

Combined Sewer Overfloas and the Maltimetric Evaluation of Their Biclogical Effects: Case Studies in Ohio snd New York 27



stations (CR1 and CR3, respectively). Although many taxa
at this station were relatively tolerant, the taxa richness was
the highest among the three stations and the percent
eoptribution of dominant taxon was low.

A elight difference in condition of the beathic communiry
was detected at the downstream station (CR3), which was
85 percent comparable to the upstream reference (Figure
3-4, Table 3-8). Because the habitat assessment wWas .
within the same range as that at CR1, the difference should
be atributable to water quality, Specifically, there was a
distinet depression in biological condition at CR3 (as
exhibited by the metrics taxa richness, EPT-Chironomidae
ratio, Pinkham-Pearson Community Similarity Index,
DIC-5, end QSI-taxa), indicating the potential presence of
toxicants from the CS0 input. Abundance of invertebrates
&t both the middle and downstream stations was unexpect-
edly low (Appendix A): at CR3 a total of only 60
specimens were collected; at CRZ, 133 specimens were in
the totml sample. At CR2 and CR3, a complete removal of
organisms was required from the dooble-composite kick
net samples in contrast to CR1, where a 300-organism
subsample was taken. CR2 is considered to have a
slightly impaired biology; CR3 is considered severely
impaired. :

3.2.4.4 Comparison to Historleal Assessments

There are considerable habitat and discharge problems
upstream of RM 11.0 along the Little Cayahoga River (C.
Yoder, pers. comm.). During low flow years, DO problems
lead to decreased ICI values and thus lower bioassessment
ratings. Ohio EPA found the upstream station of the Litde
Cuyahoga River (RM 11.2) to be in “faic" condition in
assessments in 1986,

The upstream site assessment for the current study, (CR1 at
EM 11.3) could not be rated due to evidence of biological

" impairment at the site and the lack of an accessible regional

reference site to sample for baseline comparisons. Com-
‘parison to a degraded reference site falsely elevates the test

' site assessments. Thus, due to the degraded biological

condition at CR1, the upstream reference site, assessments .
mmmmmmmwmmm.

Tust above BM 11.0, a tributary from a naturdl and rela-
tively undisturbed lake (Wingfoot Lake) enters the Little
Cuyahoga River. This tributary entering above RM 11.0 i
at east as large as the Little Cuyahoga upstream. This flush
of clean water likely accounts for the Ohio EPA’ ratings of
“good” and “very good” at the RM 11.0 station from 1986
to 1991 (Figure 3-8).

Just upstream of the C50 zone at RM 7.1 (Station CR2),
the current RBP assessment found the stream to be
“slightly-impaired™, apparenty somewhat improved over
the 1986 ICI rating of “fair.” This fincing might reflect
improvement following the removal of C30s. While the
biological condition along the entire reach of the Little
Cuyahoga (RM 0.3 - RM 11.3, excluding RM 110},
exhibits degradation, the station at RM 7.1 seems to have
rebounded slightly since the removal of the upstream CSO
outfall. At RM 0.3, the ICI (Ohio EPA 1986 and 1991) and
RBP assessments were in agreement, with macroinverte-
beate community evaluations of “fair”™ and “moderately
impaired,” respectively. '

Results from the present study are consistent with those
obtained by Ohio EPA in previous surveys (1986 and

-1991). The macroinvertehrate assemblage at RM 0.3

(Station CR3) reflects an impaired condition that has besti
present since at least 1986 probably atributable to the
combined influence of C50s and industrial input. One
station upstream of the CS0 outfalls (CR1) was in similar
condition to that indicated from a 1985 assessment; Station
CR2 apparently improved following C30 removal.

Evaluating the Biclogical Efects off Combinad Sewer Overflows in Ohie -



Little Cuyahoga I_’lhrar

Ohio EPA . (11.0) 1991 (0:3) 1991,
{Hlﬂﬂl‘iﬂl} Very Good - | Fair

(11 2}19&5«“1 0) 1986 4 (7.1) 1986 + (3.8) 1986 +[ﬂ3}

Fair - Good . Fair - Poor 1986
. . : . Fair
River14 13 12,31 109 8 7 6 5 4 8 2 1 OFlow
Mile I_I_L.A..l1 L1 | | 1 1 1 1 ]
Range of CSO ﬂuﬂallsT
U.S. EPA L o ‘ .
(this study) | A |
CR1 (11.3) - CR2(7.1) ' CR3 (0.3)
Degraded biological ~ Slightly _ . Severely
condition, not rated Impaired* o Impaired®
(no reference for S
‘comparison)

Figure 3-8, Linear comparison with Oio EPA assessments on the Little Cavahoga River.
*t should be noted that if an appropriate (non-impaired) reference condition was wied as a baseline for comparison, all
test sites for thiv siudy would Bkely receive lower bislogical arressment ratings.
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